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Abstract 

Stable operation of the electrical power system (EPS) is one of the main issues considered in the power industry. 
Current levels of electricity consumption lead to the need to increase the generated capacity, repeatedly 
converting and complicating the original circuit. In addition to this, given the current trend towards the use of 
renewable energy sources (RES), more and more uncertainties are added, that are difficult to predict. Events in 
the EPS, and especially in the case of RES, are deterministic, i.e. random. This leads to the fact that it is difficult 
to fully assess the EPS stability and the possible power loss. It is also difficult to determine the amount of 
permissible power generated by RES, which will not lead to subsequent mode violations. The purpose of this article 
is to test the developed SIBD method for obtaining the full probabilistic characteristics of power losses in each 
branch. This method, unlike the Monte Carlo methods, does not use a random sample of initial data, but completely 
covers the studied functional dependence (FD). The method is used to obtain the probability distribution laws 
(PDLs) of power losses in transmission lines based on unmodified IEEE 30-Bus and IEEE 14-Bus systems and their 
examination. These laws are necessary for further determination of the optimal EPS operating modes, to solve the 
problem of determining the optimal RES installation, the required amount of renewable generated energy in a non-
deterministic way. 
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1. Introduction  

During recent years, ensuring the EPS secure 
planning has become an important issue along with its 
development. There is currently a great demand for 
electricity all over the world, but production is not 
enough to meet demand. Due to this, the penetration of 
RES into the EPS has expanded. In future, a large share 
of the energy [1] will be generated with wind power 
plants (WPPs) and other RES, such as solar power cells. 
As a result, more and more uncertainties are introduced 
which makes power system uncontrolled. 

This is due to the fact, that the system normally has 
a classical “vertically-operated” power system there is 
only a “small” number of large centralized generators 
dispatchable, i.e. controllable to meet the demand. 
However, in the “horizontally-operated” power system, 
the DG units in the “active” distribution networks are 
practically non-dispatchable [2]. 

The Distribution network operators (DNO’S) are 
liable for retaining the reliability and efficiency of EPS. 
Thus, for optimal energy systems operation with 
minimal power losses and fluctuations, as well as the 
ability to install RES, it is necessary to determine a strict 
and adequate method to eliminate the uncertainties 
associated with these problems. 

To find the magnitude of change in power loss, it is 
necessary to determine all possible losses that can flow 
through the transmission line of interest to research, as 
well as the total losses throughout the system. 
Therefore, it is necessary to determine in a non-
deterministic form [3] how the power loss is distributed 
over the network, in order to their possible connection 
with installations for the active generation of electricity 
from RES, not in random (deterministic cases), but in a 
whole set of states. 

The main problem is that obtaining the probabilistic 
characteristics by standard statistical methods has no 
full solution [4]. It is necessary to make a full assessment 
of the probabilistic characteristics of the EPS, including 
power losses, in order to understand the entire range of 
processes in the network. In this regard, the method of 
selection of interval boundaries of input and output data 
(SIBD) is proposed, and its application for obtaining 
probabilistic characteristics of electrical quantities and 
their imbalances. 

2. The Literature Review 

Obtaining the cumulative distribution function (CDF) 
and probability density function (PDF) of multi-
dimensional FD, as well as probabilities of a FD assuming 
values from the multidimensional domain, in its 
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canonical analytical variant represents a functional of a 
multidimensional PD within the limits determined by the 
essence of the problem. 

There is the practical problem of the mass 
peculiarities of FDs that shape the boundaries of the 
area of the functional [5], which condition the 
immeasurable analytical complications of controlling 
the expressions of limits and the correct sequence of the 
algorithm for calculating the functional of the problem. 
In the electric power industry, these are first of all the 
multidimensional problems of determining the 
probabilistic characteristics. In the case of digital 
substations (DS), where a high level of automation [6], 
information exchange between DS elements through 
various protocols, the ability to predetermine the 
imbalances and manage them will affect the reliability 
and performance [7]. 

However, analytical difficulties of forming limits and 
analytical functionals calculation may arise starting 
from the third or the fourth FD dimension. It becomes 
pertinent to search for other methods of calculation 
that are less dependent on FD dimension. 

Therefore, various methods associated with the 
numerical obtaining of probability characteristics are 
developed and used. For example, the calculation of FD 
values for each statistically modelled variant of a 
random variable (RV), which is used only to obtain 
statistics of FD, i.e. the requirements for the formation 
and calculation of functionals are not set at all, and the 
resulting statistics are used for their intended purpose 
to obtain statistical estimates of the probabilistic 
characteristics. Also, methods based on the expansion 
of the functional dependence with respect to the 
mathematical expectations of random arguments of the 
FD. 

To preserve the statistical representativeness of the 
obtained results of multivariate FD, the number of 
required test values of FD statistical estimates 
increases, which limits the use of methods in the case 
of FD for many RV. Based on this, it is relevant to search 
for other computational numerical methods for 
determining the PDL, not critically dependent on the 
dimension of the FD. 

The most famous methods used in this field include 
the Monte Carlo methods [8] based on the creation of 
statistical data with the condition of statistical 
representativeness of the final result. The following 
methods also may be noted: the unsymmetrical two 
point estimate method (US2PEM) [9], the symmetrical 
two point estimate method (S2PEM) [10], The Gram-
Charlier method, and Latin Hypercube Sampling (LHS), 
designed to replace the Monte Carlo method in a 
number of cases, allowable increase in error relative to 
Monte Carlo [11]. Also, can be note methods for finding 
the optimal state of the system, such as the Artificial 
Bee Colony and Genetic Algorithm, however, due to 
their deterministic logic, they are not suitable for this 
particular issue. 

The presence of these methods does not implore the 
need to search for new ones that are able to fully 
investigate PDF uniformly, over the full range of 
functional dependence, without losing the “weight” of 
the partial density of a specific FD value. 

In this regard, all complications in EPS lead to an 
increase in uncertainties, all further work should be 
aimed at their full assessment, since you need to be sure 
that the influence of stochastic objects in the system 
will not entail a violation of stability. 

3. Scientific Novelty 

In the FDs that describe practical problems, it is 
rational to consider all RVs as independent variables 
and, consequently, to change their values arbitrarily, 
irrespectively of the types of conditional probabilistic 
characteristics that change with the change of RV 
values, which is a natural advantage. In the case with 
dependent RVs, values of one RV must be determined 
using expressions through products of conditional 
probabilities, which represents additional counter-
productive procedures that can always be avoided using 
high-quality logical selection of independent RVs or 
high-quality orthogonalization of the source dependent 
RVs. 

The method of determining CDFs and PDFs of a FD, 
as well as that of the probability of an FD assuming a 
value from the interval of the CDF and PDF of random 
variables, consists in natural summation of probabilities 
of each variant of RV values combination according to 
different criteria. The manifold of RV value variants that 
corresponds to the FD value can be called an association 
of this value of the FD. Value-association of the FD that 
as an event consists of the total sum of variants of 
combining value-events of all RVs. Variants of 
combinations of these value-events are incompatible, 
because they are formed from all RVs and can’t combine 
other than as different values of at least one RV. Values 
of each RV are incompatible relative to each other, so 
all variants of combining all RVs will be incompatible as 
well. Therefore, the probability of association-value of 
an FD equals the sum of probabilities of all RV 
combination-events that are associated with this value 
of the FD, and this probability can be called the eigen-
probability of the FD value. More details about the 
method can be found here [12]. 

A method of selection of interval boundaries of input 
and output data (SIBD) that is not critical to FD 
dimension was proposed. The SIBD algorithm (Figure 1) 
is described by mathematical operations for explicit 
expressions for the PD. The PDFs for X1,...X2,...Xn RV are 
assumed to be known. 

 

 

Figure 1. PDs of the sum of two independent uniform 
RVs 
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1. Choosing the number and values of the PDF 
quantile orders: 0,p1,...pj,...1. 

2. Calculating the PD values as quantiles of the same 
order. As example, quantile #0 is explained by the 
formula (1): 

{
𝑥10 = f1

−1(0), … , 𝑥𝑖0 = f𝑖
−1(0), … , 𝑥𝑛0 = f𝑛

−1(0)

𝑐1(𝑥10), … , 𝑐𝑖(𝑥𝑖0), … , 𝑐𝑛(𝑥𝑛0)
 (1) 

Similarly, for other quantile orders p1,...pj,...1. 
3. Forming the FD main orders and compatible PD of 

the same order. 
a) 0 order (2): 

{
𝑦0 = φ(𝑥10, … 𝑥𝑖0, … 𝑥𝑛0)

𝑐0(𝑥10, … 𝑥𝑖0, … 𝑥𝑛0) = 𝑐1(𝑥10)… 𝑐𝑖(𝑥𝑖0)… 𝑐𝑛(𝑥𝑛0)
 (2) 

b) 𝑝1 order (3): 

{
𝑦𝑝1 = φ(𝑥1𝑝1 , … 𝑥𝑖𝑝1 , … 𝑥𝑛𝑝1)

𝑐𝑝1(𝑥1𝑝1 , … 𝑥𝑖𝑝1 , … 𝑥𝑛𝑝1) = 𝑐1(𝑥1𝑝1)… 𝑐𝑖(𝑥𝑖𝑝1)… 𝑐𝑛(𝑥𝑛𝑝1)
 (3) 

Similarly, for other quantile orders ...pj,...1. 
4. Forming and exhaustive search the RV values as 

quantiles of the selected orders X1,...X2,...Xn of FD 
Y=φ(X1,...X2,...Xn), calculation of the FD values, 
compatible PD of RV, it selection and summing as a PD 
components according to the principle of equality to 
main orders FD. 

4. Method Description 

The deterministic problems solution of calculating 
the parameters of the modes is predetermined by the 
logic of the laws and methods of electrical engineering 
[13], [14]. The natural deterministic logic of the 
calculation procedure as applied to the formation of PDL 
values for damage is very costly. 

This is because the mode parameters after the 
processing of the independent RV capacities of the load 
and generator nodes into the mode parameters FDs 
become statistically dependent on each other [15]. 
Obtaining conditional PDL mode parameters is possible, 
however, it will require an additional amount of 
computation, therefore, algorithms for determining the 
PDL should be single-stage and proceed from the same 
independent random arguments.  

There can be a probabilistic dependence between 
the active and reactive power of the load nodes, the 
active power and voltage of the generator nodes of EPS. 
Since the components of these nodes are usually 
distributed over the normal PDL, the joint and 
conditional PDL will be normal, and the parameters of 
the latter are expressed through the correlation 
coefficient [16]. 

Intra-site dependencies between the values do not 
affect the dependence of the different node values. 
There is still no dependence between the values of 
different nodes, therefore, the algorithm for 
determining the PDL of one-stage functional 
dependences of the parameters of the modes and 
electric quantities in case of faults to the network 
according to the PDL of RVs remains fundamentally the 
same. In the intra-site dependence is taken into account 
in the following way: the formation of a joint RVs PDF in 
the work of unconditional PDF within each node to one 

argument used unconditional PDF, and for another 
argument conditional PDF another argument provided 
that the first argument received a specific value in its 
absolute [17]. 

In accordance with the meaning of this algorithm, 
the PDVs of combinations of all RVs are summed up 
according to the criterion for the equality of each FD 
with certain values. 

These discrete values in the developed algorithm is 
expedient to form a pre-form a first discrete value as 
the RV quantiles uniform order in the interval [0,1], 
which uniquely and securely fixed in the algorithm are 
converted and controlled. 

FD values are generally formed using a single stage 
of initial data by iterative respectively single and double 
computing processes [18]: once the process parameters 
for the modes, two electrical quantities to process in 
case of faults. 

5. Algorithm 

1. PDL random arguments (active and reactive 
power load nodes 𝑁1, 𝑄1, … , 𝑁𝑖 , 𝑄𝑖 , …, active power and 
voltage of generating units 𝑁𝑔1, 𝑈𝑔1, … , 𝑁𝑔𝑘 , 𝑈𝑔𝑘 , … the 

magnitude and angle of the voltage of the balancing 
node 𝑈𝑏  and 𝜑𝑏 ) in the absence of a dependents 
between active and reactive powers in load nodes, 
active power and voltage in generator nodes: 

For the CDFs: 

{
𝑓1(𝑛1), 𝑓1𝑞(𝑞1), … , 𝑓𝑖(𝑛𝑖), 𝑓𝑖𝑞(𝑞𝑖)

f
𝑔1
(𝑛𝑔1),f𝑔1𝑢(𝑢𝑔1), … , f𝑔𝑘(𝑛𝑔𝑘),f𝑔𝑘𝑢(𝑢𝑔𝑘)

 (4) 

For the PDFs: 

{
𝑐1(𝑛1), 𝑐1𝑞(𝑞1), … , 𝑐𝑖(𝑛𝑖), 𝑐𝑖𝑞(𝑞𝑖)

c𝑔1(𝑛𝑔1),c𝑔1𝑢(𝑢𝑔1), … , c𝑔𝑘(𝑛𝑔𝑘),c𝑔𝑘𝑢(𝑢𝑔𝑘)
 (5) 

For the slack bus, the voltage and angle are taken 
𝑈𝑏 = const and 𝜑𝑏 = 0 [19]. 

Under normal PDL and the correlation between the 
active and reactive powers of the load nodes, the active 
power and voltage of the generator nodes, the initial 
data are the unconditional and conditional CDF and PDF 
of both components of each node, because during the 
formation of a joint PDF of all RVs, the unconditional 
PDF of one from the each node components and the 
conditional PRV of the other node component are 
multiplied. 

Reasonable preference is usually given as absolute 
PDL node active power and conditioned PDL gets 
reactive power in the load node voltage in generator 
node, i.e.: 

For the CDFs: 

{

𝑓1(𝑛1)𝑓1𝑞
𝑛1 (

𝑞1

𝑛1
) , … , 𝑓𝑖(𝑛𝑖)𝑓𝑖𝑞

𝑛𝑖 (
𝑞𝑖

𝑛𝑖
)

 𝑓𝑔1(𝑛𝑔1)𝑓𝑔1𝑢
𝑛𝑔1

(
𝑢𝑔1

𝑛𝑔1
) ,… , 𝑓𝑔𝑘(𝑛𝑔𝑘)𝑓𝑔𝑘𝑢

𝑛𝑔𝑘
(
𝑞𝑔𝑘

𝑛𝑔𝑘
)
 (6) 

For the PDFs: 

{

𝑐1(𝑛1)𝑐1𝑞
𝑛1 (

𝑞1

𝑛1
) ,… , 𝑐𝑖(𝑛𝑖)𝑐𝑖𝑞

𝑛𝑖 (
𝑞𝑖

𝑛𝑖
) ,

 c𝑔1(𝑛𝑔1)c𝑔1𝑢
𝑛𝑔1

(
𝑢𝑔1

𝑛𝑔1
) , … , c𝑔𝑘(𝑛𝑔𝑘)c𝑔𝑘𝑢

𝑛𝑔𝑘
(
𝑞𝑔𝑘

𝑛𝑔𝑘
)
 (7) 
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To form the normal conditional CDF and PDF, it is 
necessary to specify pair correlation coefficients 
between the active and reactive powers of each load 
node r(𝑁1, 𝑄1), … , r(𝑁𝑖 , 𝑄𝑖), …  and each generator node 
r(𝑁𝑔1, 𝑈𝑔1), … , r(𝑁𝑔𝑘 , 𝑈𝑔𝑘), … . Also, for this purpose, 

expected value (EV) are required: 

{
m(𝑁1),m(𝑄1), … ,m(𝑁𝑖),m(𝑄𝑖)

m(𝑁𝑔1),m(𝑈𝑔1), … ,m(𝑁𝑔𝑘),m(𝑈𝑔𝑘)
 (8) 

and standard deviations (SD): 

{
σ(𝑁1), σ(𝑄1), … , σ(𝑁𝑖), σ(𝑄𝑖)

σ(𝑁𝑔1), σ(𝑈𝑔1), … , σ(𝑁𝑔𝑘), σ(𝑈𝑔𝑘)
 (9) 

According to the listed characteristics at normal 
PDL, EV and SD of the normal conditional PDL are 
calculated: 

m(𝑄1/𝑁1), … ,m(
𝑄𝑖

𝑁 𝑖
), …m(

,𝑈𝑔1

𝑁 𝑔1
), … ,m(

𝑈𝑔𝑘

𝑁 𝑔𝑘
) (10) 

For example, for the i-th load node: 

m(𝑄𝑖/𝑛𝑖) = m(𝑄𝑖) + r(𝑁𝑖 , 𝑄𝑖)
σ(𝑄𝑖)

,σ(𝑁𝑖)
[𝑛𝑖 −  m(𝑁𝑖)] (11) 

σ(𝑄𝑖/𝑛𝑖) = σ(𝑄𝑖)√1 − r
2(𝑁𝑖 , 𝑄𝑖) (12) 

2. The choice of the quantity and the actual values 
of the RVs CDF quantile orders [20] from the range [0,1]: 
0, 𝑝1, … , 𝑝𝑗 , … ,1 with a uniform step. 

3. Preparation of the RVs basic system [21] quantiles 
of the same order and the parameters of the PDF 
components of the regimes: flows of active and reactive 
power in the branches, values and voltage angles in the 
nodes is the main task. Electrical values in the event of 
damage: full currents and their symmetrical 
components, ratios of residual stresses at the nodes of 
line connections to currents compensated by a zero 
sequence in the lead branches of the lines, high-voltage 
bushings of transformer elements - the second task, 
which follows from the first, and will be necessary in 
future work. 

The basic system is allocated only in order to build a 
discrete system of values of all FDs, each in its actual 
natural range, which are used as enumeration criteria. 
The solution is deployed for all variants of RV quantiles 
of the same order for cases where there are no 
dependencies between pairs of components in nodes 
and if there is a correlation dependence between these 
pairs. 

If there is no dependency between components in 
the nodes: 

Zero order RV quantiles: 

{
 
 

 
 
𝑛10 = 𝑓1

−1(0), 𝑞10 = 𝑓1𝑞
−1(0)

𝑛𝑖0 = 𝑓𝑖1
−1(0), 𝑞𝑖0 = 𝑓1𝑞

−1(0)

𝑛𝑔10 = f
𝑔1

−1(0),u𝑔10 = f
𝑔1𝑢

−1 (0)

𝑛𝑔𝑘0 = f
𝑔𝑘

−1(0),u𝑔𝑘0 = f
𝑔𝑘𝑢

−1 (0)

 (13) 

Values of RVs PDF from zero order RVs quantiles: 

{
𝑐1(𝑛10), 𝑐1𝑞(𝑞10), … , 𝑐𝑖(𝑛𝑖0), 𝑐𝑖𝑞(𝑞𝑖0)

c𝑔1(𝑛𝑔10),c𝑔1𝑢(𝑢𝑔10), … , c𝑔𝑘(𝑛𝑔𝑘0),c𝑔𝑘𝑢(𝑢𝑔𝑘0)
 (14) 

The value of the RVs joint PDF from zero order RVs 
quantiles: 

{
𝑐1(𝑛10) ∙ 𝑐1𝑞(𝑞10), … , 𝑐𝑖(𝑛𝑖0) ∙ 𝑐𝑖𝑞(𝑞𝑖0)

c𝑔1(𝑛𝑔10)∙c𝑔1𝑢(𝑢𝑔10), … , c𝑔𝑘(𝑛𝑔𝑘0)∙c𝑔𝑘𝑢(𝑢𝑔𝑘0)
 (15) 

If there is a correlation dependence between the 
pairs of components in the nodes: 

Values of RVs PDF from zero order RVs quantiles: 

{
𝑐1(𝑛10), 𝑐1𝑞

𝑛1(𝑞10/𝑛10),… , 𝑐𝑖(𝑛𝑖0), 𝑐1𝑞
𝑛𝑖(𝑞𝑖0/𝑛𝑖0),…

c𝑔1(𝑛𝑔10),c𝑔1𝑢
𝑔1
(𝑢𝑔10/𝑛𝑔10),… , c𝑔𝑘(𝑛𝑔𝑘0),c𝑔𝑘𝑢

𝑔𝑘
(𝑢𝑔𝑘0/𝑛𝑔𝑘0)

 (16) 

The value of the RVs joint Pdf from zero order RVs 
quantiles: 

{
𝑐1(𝑛10) ∙ 𝑐1𝑞

𝑛1(𝑞10/𝑛10),… , 𝑐𝑖(𝑛𝑖0) ∙ 𝑐1𝑞
𝑛𝑖(𝑞𝑖0/𝑛𝑖0),…

c𝑔1(𝑛𝑔10)∙c𝑔1𝑢
𝑔1
(𝑢𝑔10/𝑛𝑔10),… , c𝑔𝑘(𝑛𝑔𝑘0)∙c𝑔𝑘𝑢

𝑔𝑘
(𝑢𝑔𝑘0/𝑛𝑔𝑘0)

 (17) 

A software-computational iterative process is 
carried out to calculate the parameters of the modes 
with a variant of the initial data in the form of zero-
order quantiles. As a result, the first FD values are 
obtained from their ranges as mode parameters such as 
flows of active and reactive powers at the outer ends of 
the branches of the longitudinal elements (leading 
branches of the lines), magnitudes and angles of the 
node voltage, active and reactive powers, magnitudes 
and angles of the generator and engine-load currents 
nodes. 

The main goal is to test an improved method for 
obtaining probabilistic characteristics for tasks of 
medium RVs dimension, because studies of small-sized 
FDs have already been successfully carried out [22] and 
completely coincide with mathematical integration. 
Accordingly, the study of the parameters of the steady 
state is of interest, but the loss of power in the lines and 
the assessment of their CDF and PDF are more 
interested [23]. The main focus in this study is not the 
maximum quality of the models used, but the ability to 
investigate the question with the available tools. 

6. Simulation Model 

The test system used to illustrate probabilistic 
stability analysis is a 30-Bus IEEE system, which 
represents a portion of the American Electric Power 
System as of December 1961. This technical note 
describes the details of the IEEE 30-bus system [24]. The 
system, shown in Figure 2, consists of 20 loads, 
capacitor banks, 41 transmission lines, and 6 
conventional generators. 
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Figure 2. 30-Bus IEEE system 

For work, the probability distributions of uncertain 
system parameters - quantiles and quantile orders of the 
source data are generated in Matlab. To calculate the 
power flows, a Matpower (a special package of Matlab® 
M-files) will be used, which is using to calculate power 
flow (PF) and optimal power flow (OPF) problems [25]. 
It also has great flexibility in settings and changing input 
data parameters. 

The input data, namely the active and reactive 
power of loads, active power and voltage on generators, 
is set according to the algorithm described above. 
Initially, m and σ are defined, and vectors are formed 
relative to the inverse of the normal CDF with EV and 
SD, and the PDF of the normal distribution (Table 1). 

Table 1. Example of quantiles and PDFs of active 
power in Generator #1 node 

Quantile 
order 

Gen. #1 
quantiles 

EV SD CDFs PDFs 

1 30.9987  
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4.57 

0.0001 0.0086 

2 40.0885 0.0417 0.0195 

3 41.6802 0.0834 0.0335 

4 42.7429 0.1250 0.0450 

… … … … 

n 65.0012 0.9999 0.0086 

 
In the same way, the settings for each RV of the 

system load and generator nodes are formed. Next, 
configure the Manpower. In our case, it will be 
convenient to use in standard mode with 'AC' - use 
nonlinear AC model & corresponding options and will be 

solved by the 'NR' method - Newton's method [26]. For 
convenience of calculation, a special function has been 
added to the algorithm that uploads data to an external 
file for unloading RAM, since working with 
multidimensional arrays can quickly overload the 
computer. The full algorithm for working with the 
Matlab program is shown in the Figure 3. 

 

 

Figure 3. Complete algorithm for calculating the 
probabilistic characteristics using Matlab - 
Matpower system 

7. Results 

For each iteration of the steady state mode, the 
function of calculating power losses in the lines is 
performed. After a complete calculation of all the 
regime states, the process of calculating the joint PDFs 
and the calculation and normalization of the final PDFs 
and CDFs for power losses occur.  
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At the end of the process, we can examine the 
received data. It is worth noting that this procedure was 
also performed for a system of smaller dimensions (14-
bus system [27]) in order to compare the nature of PDLs. 

In total, power losses in all 41 branches were 
determined for the 30-bus system, while Figures 4 and 
5 represent the results in the apparent power form: 

 

Figure 4. Minimum apparent power losses 

 

Figure 5. Maximum apparent power losses 

The largest losses are observed in lines 1, 2, 15, 36 
(Table.2). In other branches, power losses were also 
observed, however, according to according to Figures 4 
and 5, their influence on the system is extremely 
insignificant. In this case, the total power loss in the 
power system can reach 28.31 MVA.  

Matpower also has the ability to deterministic 
calculation of power flow and optimal power flow. In 
the OPF case, it solves the power flow problem with 
locational contingency and load-following reserves, 
ramping costs and constraints. The results are 9.4784 
and 13.9047, respectively. 

 
 
 
 
 

Table 2. Power losses results 

Branch # Minimal Apparent 
power loss, MVA 

Maximal Apparent 
power loss, MVA 

1 1.9838196766536e-08 6.33543503428032 

2 0.0105102092833261 3.07661650239206 

15 6.1995800347142e-05 3.01102925204714 

36 0.0767060899562439 4.51128480473431 

Total Losses 2.0805 28.3101 

PF Losses 9.4784 

OPF Losses 13.9047 

 
However, in our case, more attention should be paid 

to the probabilistic characteristics of power losses. 
In the process of CDF and PDF analysis, namely CDF, 

because it provides unambiguous FD determination for 
a given CDF value. 

According to the obtained graphs (Figures 6, 7), it is 
possible to observe the nature of values that are normal 
or close to the normal distribution law with offset EVs in 
some cases. 

 

Figure 6. CDF of power losses in transmission line #1 

 

Figure 7. CDF of power losses in transmission line #36 

It can be observed that, for example, on the line 
№36, the total power loss can reach 4.5112 MVA (in 
accordance with Table 2). However, due to its 
distribution parameters, in the case of determining the 
power value that does not exceed the specified value 
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with a 99 % probability (as a margin of error), we have 
that the power loss value of line with a 99% probability 
will not exceed 1.436 MVA, which is only 31.8244 % of 
the maximum. In a number of other studied lines, the 
power share that does not exceed 99 % of the probability 
may be even less – Table 3 does not exceed the FD value 
law when the situation probability occurring is 99 %. 

Table 3. Power losses 99 % CDF data 

System Branch # Power losses 
(CDF > 0.99), 
MVA 

Power losses 
percentage, % 

14 bus 
system 

1 5.31 22.880 

2 5.16 46.8306 

14 6.56 62.3002 

30 bus 
system 

1 0.51 8.0654 

2 0.13 4.3601 

15 0.34 11.2921 

36 1.43 31.8244 

 
The faster the CDF increases, the better for power 

losses analysing and determining the maximum possible 
losses. However, for the dynamic stability study, this 
option can have a negative effect, due to the large 
scatter of possible accepted values in a small FD interval 
with a minimum CDF. A similar kind of dynamic stability 
studies by the proposed SIBD method as part of research 
will be investigated in the following works. 

An integral part of the algorithm is to get the power 
loss PDFs, examples in Figure 8. 

 

Figure 8. PDF of power losses in the studied lines 

Although these curves are not of practical interest in 
determining the power losses probabilistic 
characteristics. However, their obtaining determines 
the possibility of considering the actual and resource 
value problems, as well as studying the aggregate 
probabilistic characteristics of RES implementation 
[28], since they are initially probabilistic in nature – the 
dependence of power on wind speed, installation 
location, climatic condition, and the format of 
combining in wind farm. 

 
 
 
 

8. Conclusion 

The purpose of this research work was to determine 
the power losses probability characteristics, since this is 
one of the important parameters in the further study of 
dynamic stability and the possible locations 
determination for RES installing based on the PDLs 
study. 

Due to the special form of input data assignment, in 
this SIBD method implies the possibility of studying the 
PDL of the studied quantities in full, and not on the 
random sampling basis, as is often done on the other 
methods. Thus, it was possible to avoid solving complex, 
multidimensional integral problems. Testing of the 
method on the small-sized FDs has already been carried 
out in our other studies and is fully consistent with the 
analytical methods for the RV PDL finding. 

The determination of the probabilistic 
characteristics in general, as well as the steady-state 
parameters is one of the main tasks in the research of 
both ‘vertical’ and ‘vertical-horizontal’ EPS, especially 
in connection with a generated power increase and 
uncertainties in the EPS, respectively. 

With the used algorithm for calculating the FD’s PDL 
and the method for calculating the steady-state mode, 
it was possible to obtain and study the power losses 
PDLs. Moreover, when studying a number of 
parameters, it turned out that it is not always necessary 
to consider maximum power losses, unless it is a matter 
of setting up a completely stable EPS. 

However, since an important factor in the EPS 
operation is also the amount of expenses, the low cost 
of the final product for consumers, the use of PDLs even 
within 99% of the CDF allows to accurately determine 
not only the losses probability of a certain FD, but the 
most important thing is to avoid taking into account the 
most unlikely losses. Thus, the system is investigated 
completely in both deterministic and probabilistic form, 
which allows us to predetermine all its possible states. 

The results will be used in the analysis and study of 
the actual and resource values problem, relative to 
power losses and the possibility of RES installing, 
respectively. 
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